In this paper, a general FRW cosmological model has been constructed in f (R, T ) gravity reconstruction with variable cosmological constant. A number of solutions to the field equations has been generated by utilizing a form for the Hubble parameter that leads to Berman's law of constant deceleration parameter q = m−1. The possible decelerating and accelerating solutions have been investigated. For (q > 0) we get a stable flat decelerating radiation-dominated universe at q = 1. For (q < 0) we get a stable accelerating solution describing a flat universe with positive energy density and negative cosmological constant.
Introduction
The recent observations suggest that the present universe is flat ( Although recent observations show the consistency of the cosmological constant DE scenario (a perfect fluid with ω Λ = −1), dynamical DE models are still allowed especially those with EoS across −1 (Cai, et al. 2010 ). The phenomenological dynamics associated with the ω = −1 crossing behaviour, dubbed as quintom model, was first proposed in (Feng et al. 2005) . It gives rise to the equation of state > −1 in the past and < −1 today, satisfying recent observations. The bouncing solution in a universe dominated by the Quintom matter has been studied in ) where it has been found that the Big Bang singularity can be avoided in the presence of the quintom matter (see Cai et al. 2010 for a comprehensive review on quintom cosmology). The simplest quintom model can be constructed by introducing two scalar fields with one being quintessence and the other phantom. Quintom-like behavior has also been found in the context of holographic dark energy (Zhang 2006) . has been shown that a negative Λ can halt eternal acceleration, this will be discussed in details in subsection (4. 3)
The paper is organized as follows: section 1 is an introduction. In section 2, we review the derivation of the modified field equations with variable cosmological constant from f (R, T ) gravity action. In section 3, we derive the cosmological equations and utilize a form for the Hubble parameter that leads to Berman's law of constant deceleration parameter q = m − 1 to generate a number of solutions. In section 4, we perform a detailed analysis for the solutions and investigate all possible cosmological scienarios corresponding to different valuse of q. The final conclusion is included in section 5.
Derivation of Field Equations
The f (R, T ) gravity action is given by (Harko et al. 2011 )
where L m is the matter Lagrangian density. By varying the action S with respect to g µν , we
obtain the field equations of f (R, T ) gravity as
and ∇ i denotes the covariant derivative. Θ µν and the stress-energy tensor are given by
where u µ = (0, 0, 0, 1) is the four velocity which satisfies u µ u µ = 1 and u µ ∇ ν u µ = 0. ρ and p are the energy density and pressure of the fluid respectively. Different theoretical models can be obtained for each choice of f . Taking f (R, T ) = f 1 (R) + f 2 (T ), the gravitational field equations (2) becomes
We choose a specific form of the functions as f 1 (R) = λ 1 R and f 2 (T ) = λ 1 T where λ 1 and λ 2 are arbitrary parameters. Taking λ 1 = λ 2 = λ leads to f (R, T ) = λ(R + T ) and then equation (4) can be written as
setting (g µν 2 − ∇ µ ∇ ν )λ = 0 and after simple rearrangement we get
where
g µν R is the Einstein tensor. Recalling Einstein equations with cosmological constant G µν + Λg µν = 8πT µν .
To ensure the same sign of the RHS of (7) and (6), the inequality T can now be considered as the negative of the cosmological constant. i.e, p + 1 2
T ≡ −Λ(T ). So, for the energy momentum tensor (3) we get
Taking into account the general equation of state p = ωρ, then Λ(t) could also be expressed as
ρ(t)(ω − 1).
Cosmological equations
The metric that describes a homogeneous and isotropic universe is the FRW metric given by
where r, θ, φ are comoving spatial coordinates, a(t) is the cosmic scale factor, t is time, K is either 0, −1 or +1 for flat, open and closed universe respectively. Applying equation (6) to the metric (9) we get the following cosmological equations
The field equations (11) and (10) contain three unknown parameters a, p and ρ. In ( Maharaj & Naidoo 1993), the generalized Einstein equations with variable cosmological constant Λ(t) has been considered for FRW metric where the following variation of the Hubble parameter has been assumed: 
In order to solve the modified field equations (6) with its time varying cosmological constant
(ρ(t) − p(t)), we are going to make use of (13) For m = 0, the metric (9) has the form
Substituting (13) in (11) and (10) we get the pressure p and energy density ρ as
Using (15) and (16) we obtain the equation of state parameter ω as:
The cosmological constant (8) is given by for K = 0 which means a universe very close to the radiation-dominated era where the cosmic expansion was decelerating (Liddle 2003) . It is generally believed that the universe is decelerating during the radiation and dark matter dominated eras, and is accelerating during the early and late-time inflations eras (Perico et al. 2013 ). The decelerated radiationdominated era in this model arises with q = 1 in a good agreement with the complete cosmic history investigated in (Perico et al. 2013 ). For K = 1, ω → 1 which means a decelerating universe approaching a stiff matter-dominated era where ω = 1. 
Stability of solutions
The physical acceptability of the model can be checked through testing the energy conditions and the sound speed. The null, weak, strong and dominant energy conditions are respectively given by (Hawking & Ellis 1973; Wald 1984) : ρ + p ≥ 0; ρ ≥ 0, ρ + p ≥ 0; ρ + 3p ≥ 0 and ρ ≥ |p|. The energy conditions have been plotted in figure 1 (d) , (e) and (f). They are all satisfied for flat and closed universes. Now, the adiabatic square sound speed for any fluid is defined as: c 2 s = dp dρ
. In addition to the positivity of c 2 s , the causality condition must be satisfied too. Causality implies that the sound speed must not exceed the speed of light. Since we are using relativistic units in which c = G = 1, the sound speed should exist within the range 0 ≤ dp dρ ≤ 1. For the current model, we get the sound speed as Figure 1 (g) shows that this quantity is always less than one for K = 0 and tends to 1 for K = 1. Again, for the stiff matter dominated era the sound speed is equal to the speed of light. So, in summary, K = 0 describes a stable flat decelerating universe very close to the radiation dominated era (ω ≈ For m = 0, the metric (9) is
The expressions for p, ρ, Λ and ω are p = 120λ
In this case, we have a stable flat universe with negative cosmological constant, and positive energy density (table 4. 
Conclusion
We have constructed a general FRW cosmological model in f (R, T ) gravity reconstruction with variable cosmological constant. A specific form for the Hubble parameter that leads to Berman's law q = m−1 has been utilized which generated a number of solutions to the modified Friedmann equations. The possibility and stability of decelerating (q > 0) and accelerating (q < 0) solutions have been investigated. For the decelerating case, we found the most stable solution is a decelerating radiation-dominated flat universe at q = 1 in a good agreement with cosmic history in the literature. For the accelerating case, the most stable solution is a flat universe with positive energy density and negative cosmological constant at q = −1. We have discussed the possibility of several stable accelerating solutions with Λ < 0 in the literature in which the eternal acceleration problem disappears. Nonconventional mechanisms that are expected to address the late-time acceleration has been an active research area and it is commonly acknowledged that the early universe application would be nontrivial as well. For example, a nonsingular bouncing solution might arise in these models (Cai 2014 ). In the context of inflationary cosmology, there are several conceptual challenges without solutions which provide a good motivation to search for alternative proposals describing the very early universe beyond the standard inflationary ΛCDM model. In particular, we mention two interesting phenomenological scenarios alternative to the inflationary ΛCDM model which are the healthy nonsingular bouncing cosmology ) and the matter-bounce in inflationary scenario (Cai et al. 2009 ). In the matter-bounce inflationary scenario, the inflationary cosmology is generalized by introducing a matter-like contracting phase before the inflationary phase. This scenario was found to be very powerful in reconciling the tension between the Planck and BICEP2 observations when compared with the ΛCDM (Xia et al. 2014 ). In bouncing cosmology, the expansion of the universe is preceded by an initial phase of contraction with a bouncing point connecting the contraction and the expansion. A comprehensive introduction has been given in (Cai 2014) . for flat universe.
